Background/Aims: Epithelial-mesenchymal transition (EMT) is one of the key mechanisms mediating cancer progression. Snail1 has a pivotal role in the regulation of EMT, involving the loss of E-cadherin and concomitant upregulation of vimentin, among other biomarkers. We have found FSCN1 promoted EMT in ovarian cancer cells, but the precise mechanism of FSCN1 in EMT process has not been clearly elucidated. Methods: The levels of FSCN1 and snail1 were determined in epithelial ovarian cancer(EOC) specimen and in ovarian cancer cells by RT-qPCR. The changes of EMT makers and effects on snail1 by FSCN1 were examined by overexpression or depletion of FSCN1 in EOC cells by RT-qPCR and western blotting. The invasiveness of the FSCN1-modified EOC cells was examined in transwell assay. Co-immunoprecipitation (IP) was performed to detect the interaction between snail1 and FSCN1 in EOC cells. Results: We found FSCN1 and snail1 significantly increased in EOC, and especially in EOC with metastasis. FSCN1 was positively correlated with snail1 expression at the cellular/histological levels. Moreover, we further showed that FSCN1 physiologically interacted with and increased the levels of snail1 to promote ovarian cancer cell EMT. Conclusion: FSCN1 promote EMT through snail1 in ovarian cancer cells. FSCN1 is an attractive novel target for inhibiting invasion and metastasis of EOC cells.
FSCN1 Promotes Epithelial-Mesenchymal

Introduction
Ovarian cancer is the most lethal gynecological tumor and ranks the fifth in the cause of death for women suffered from tumor [1, 2] . The poor prognosis of ovarian cancer patients is mainly attributed to cancer metastasis, which highlights the importance of the elucidation of the molecular control of migration and invasiveness of ovarain cancer cells.
Epithelial-mesenchymal transition (EMT) is a process by which epithelial cells acquire a migratory, mesenchymal phenotype, characterized by loss of epithelial markers, acquisition of mesenchymal molecules and enhancement of cell mobility [3] [4] [5] . Loss of E-cadherin is considered to be a fundamental event in EMT process. Transcription factors that repress E-cadherin are considered as EMT-promoting factors, including snail1, slug, ZEB1, ZEB2, E47 and Kruppel-like factor 8 (KLF8) that directly bind to E-cadherin promoter and repress its transcription, and including twist, TCF4, SIX1 and FOXC2 that repress E-cadherin indirectly [4] [5] [6] . Snail1 has a pivotal role in the regulation of EMT, involving the loss of E-cadherin and claudins with concomitant upregulation of vimentin and fibronectin, among other biomarkers [7] [8] [9] .
FSCN1 is an actin-bundling protein that plays a crucial role in cell movement under physiological or pathological conditions [10] . FSCN1 has been reported that its expression is associated with clinically unfavorable phenotypes in various human epithelial cancers [10] . Moreover, in vitro experiments of overexpression or knockdown of FSCN1 revealed that its expression promotes both migration and invasiveness of adenocarcinoma [11] [12] [13] or squamous cell carcinoma cell lines [14] [15] [16] . Recent research reported that FSCN1 expression in HCCs was associated with loss of E-cadherin, indicating epithelial-mesenchymal transition (EMT) [17] . In their study, the expression levels of FSCN1 and E-cadherin in hepatocellular carcinoma were detected by immunohistochemistry, and they found FSCN1 promoted invasiveness of HCC cells in an MMP-dependent manner. However, the molecular mechanism of FSCN1 in EMT is still not clear. In previous study, we found inhibition of FSCN1 by FSCN1 siRNA blocked EMT in EOC cells [18] . However, few researches are performed to elaborate the mechanism of FSCN1 in EMT. Here we showed that FSCN1 physiologically interacted with and increased the levels of snail1 to promote EMT in ovarian cancer cells.
Materials and Methods
Cell lines and human tissue specimens
Human ovarian cancer cell lines SKOV3 (obtained from ATCC, Manassas, VA, USA) and 3AO (purchased from the Chinese Academy of Sciences Type Culture Collection, Shanghai, China) were maintained in RPMI 1640 medium (Gibco-BRL, Gaithersburg, MD, USA) supplemented with 10% (v/v) fetal bovine serum, 1% penicillin antibiotics-antimycotics at 37°C under a humidified 5% CO2 atmosphere. Human ovarian carcinomas and matched normal ovarian tissue samples were collected from patients at The First Affiliated Hospital of Xi'an Jiaotong University, PR China. This study was approved by the Ethics Committee of The First Affiliated Hospital of Xi'an Jiaotong University, China. Written consent was obtained from each study participant enrolled. The clinicopathologic characteristics of the informative cases are shown in Table 1 .
RNA extraction and qRT-PCR analyses
Total RNA was extracted from cells with TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Of note, 1-3 μg RNA was reverse transcribed using theRevertAid First Strand cDNA Synthesis Kit (PerfectReal-Time; Takara, Dalian, China), quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) analyses were performed on the CFX96 Touch 
Western blot
Total protein was collected from cells by RIPA lysis buffer containing protease inhibitors (Roche, Indianapolis, IN, USA) and 1 mM PMSF on ice. Protein concentration was measured using the BCA-200 Protein Assay kit (Pierce, Rockford, IL, USA). After heat denaturation at 100 °C for 5 min, proteins were separated by electrophoresis on 10 % SDS-PAGE gels and then transferred onto nitrocellulose membranes (Pall Life Science, NY, USA). The membranes were blocked with 5 % non-fat milk at room temperature for 1 h, and then incubated overnight at 4 °C with rabbit anti-human E-cadherin(1:1000, Cell Signaling Technology, Danvers, MA, USA), vimentin(1:500, Cell Signaling Technology, Danvers, MA, USA), FSCN1(1:100000, Abcam, Cambridge, MA, USA), snail(1:300, Cell Signaling Technology, Danvers, MA, USA), and mouse antihuman β-actin(1:1000, Cell Signaling Technology, Danvers, MA, USA). After washing with TBST, the blots were incubated with horse radish peroxidase (HRP)-conjugated goat anti-rabbit or anti-mouse IgG. Blots were visualized using ECL reagents (Pierce, Rockford, IL, USA) by a chemiluminescence imaging system (Bio-Rad, Richmond, CA, USA).
Plasmid transfection
The human FSCN1 expression vector pLenti6/V5-DEST-FASCIN was a gift from Lynda Chin (Addgene, #31207) [19] . SKOV3 and 3AO cells were seeded into 6-well plates until 70 %-90 % confluency and transiently transfected with pLenti6/V5-DEST-FASCIN or control vector 3μg per well using the X-treme GENE HP DNA Transfection Reagent (Roche, Indianapolis, IN, USA) following the manufacturer's protocol. After 48 hours of transfection, the cells were harvested for further study.
siRNA and transient transfection
Human FSCN1 siRNA and snail1 siRNA were purchased from GenePharma (Shanghai, China). Ovarian cancer cells were seeded into 6-well plates until they reached 40 %-50 % confluency. FSCN1 siRNA (GCAGCCTGAAGAAGAAGCA) or snail1 siRNA (AGACCCACUCAGAUGUCAAGAAGUA) was transiently transfected 100nM per well using the X-treme GENE siRNA Transfection Reagent (Roche, Indianapolis, IN, USA). After 48 hours transfection, the cells were harvested for further studies.
Cell migration and invasion assay
After treated, cells were trypsinized and counted. A total of 1×10 5 cells (for migration assay) or 5×10 5 cells (for invasion assay) in 100 μl serum-free medium were added into millicells (Millipore Co., Bedford, MA, USA) without (for migration assay) or with (for invasion assay) Matrigel (Becton Dickinson Labware, Bedford, MA, USA) coated. 500 μl of 1640 medium containing 20 % newborn bovine serum was added to the bottom chambers as the chemotactic factor. After incubation for 24 h (for migration assay) or 48 h (for invasion assay) at 37 °C, cells remaining on the upper surface of the filter were removed using cotton swabs. Then the migrated cells were fixed using methyl alcohol and stained using 0.1 % crystal violet. Migratory (or invasive) cells were counted and averaged from images of five random fields (original magnification ×200) captured using an inverted light microscope. The mean values of three duplicate assays were used for statistical analysis. 
Co-Immunoprecipitation
Co-IP assays were carried out using Pierce crosslink immunoprecipitation kits (Thermo Scientific, Rockford, IL, USA) as per the manufacturer's instructions. Cells were treated with 1 ml of extraction buffer (10 mmol/l HEPEs, pH7.5, 100 mmol/l NaCl, 1 mmol/l EDTA, 10% Glycerol, 0.5% Triton X-100 and 5 μmol/l MG132). Co-IP procedures were performed at 4°C unless otherwise indicated, using a Pierce spin column which can be capped and plugged with a bottom plug for incubation or unplugged to remove the supernatant by centrifugation at 1000 g for 1 minute. The binding of the first antibody to protein A/G agarose was performed with the protocol described in Pierce crosslink immunoprecipitation kits (Thermo Scientific, Rockford, IL, USA) with slight modification. For co-IP experiment without using DSS crosslinking, the protein A/G agarose was incubated anti-FSCN1 antibody at 25°C for 1 h on a mixer, followed by incubation with 600 μl pre-cleared lysate overnight. The immunoprecipitated products were washed with the washing buffer five times and eluted with 2X Laemmli buffer at 100°C for 10 min. The cap of the spin column was loose to avoid overpressure and leakage from the bottom when boiling. The eluting complex was subjected to SDS-PAGE separation for Western blot.
Statistical analysis
All experiments were performed at least in triplicate, and each experiment was independently performed at least 3 times. The graphical presentations were performed using GraphPad Prism 5.0. Data were presented as the means±SE and were analyzed using SPSS 22.0 software (Chicago, IL, USA). Statistical differences were tested by Chi-square test or two-tailed t-test. Differences were considered significant at P <0.05 (*) or highly significant at P <0.001 (**).
Results
FSCN1 and snail1 relative level was positively correlated in ovarian cancer tissues and cell lines
In order to compare the expression of FSCN1 and snail1 in EOC, we detected mRNA levels of FSCN1 and snail1 in 12 normal ovarian tissues and 27 epithelial ovarian cancer tissues. Total RNA was extracted from these samples, quantitative real-time PCR analysis was performed to detect the mRNA expression level of FSCN1 and snail1. We identified that FSCN1 and snail1 level in ovarian cancer tissues were higher than in normal ovarian tissues (Fig. 1A, C) . Moreover, the results showed the more late the clinical period, the higher the expression of FSCN1 (Fig. 1B) . Moreover, by comparing the relationship of RNA expression levels between FSCN1 and snail1 in ovarian cancer tissues, we found that the mRNA expression of snail1 was positively correlated with FSCN1 in ovarian cancer tissues (Fig.  1D) . We identified the differential expression of FSCN1 among normal ovarian and EOC cell lines, SKOV3 and 3AO. the results showed that the snail1 level in FSCN1 high-expression cell line (SKOV3) was higher than FSCN1 low-expression cell line (3AO) (Fig. 1E) . These results demonstrated that mRNA expression levels of FSCN1 are increased in ovarian cancer tissues and positively correlated with clinical stages.
Overexpression of FSCN1 promoted EMT in ovarian cancer cells
We manipulated FSCN1 expression in ovarian cancer cells to analyze its association with EMT. With forced expression of FSCN1, EMT phenomenon was observed in SKOV3 and 3AO cells, as showen by decreased expression of E-cadherin, increased expression of vimentin( Fig. 2A, B) , Overexpression of FSCN1 promoted migration (Fig. 2C) and invasion(Fig.  2D) 
Downexpression of FSCN1 blocked EMT in ovarian cancer cells
In previous study [18] , we used FSCN1 siRNA decreased FSCN1 expression in ovarian cancer cells. EMT was reversed in SKOV3 and 3AO cells by downregulation of FSCN1, as shown by increased expression of E-cadherin, decreased expression of vimentin (Fig. 3A,  B) , and demotion of migration (Fig. 3C) and invasion (Fig. 3D) . Taken together, our data suggested that downexpression of FSCN1 blocked EMT in ovarian cancer cells.
FSCN1 promoted snail1 in ovarian cancer cells
Transcription factors that repress E-cadherin are considered as EMT-promoting factors, including snail1, slug, ZEB1, and so on. Snail1 has a pivotal role in the regulation of EMT, involving the loss of E-cadherin and claudins with concomitant upregulation of vimentin and fibronectin, among other biomarkers [7, 8] . To examine whether FSCN1 may regulate the levels of snail1 in EOC cells, we then transfected the EOC cells with either a FSCN1-overexpressing plasmid, or a small interfering RNA(siRNA) for FSCN1(siFSCN1), to increase or decrease FSCN1 levels in EOC cells, respectively. The changes of FSCN1 in EOC cells were confirmed by RT-qPCR (Fig. 4A, C) , and by Western blot (Fig. 4B, D) . We found that neither FSCN1 overexpression nor depletion significantly affected the transcript levels of snail1 (Fig.  4A, C) . However, FSCN1 overexpression significantly increased the protein level of snail1 in EOC cells (Fig. 4B) , while depletion of FSCN1 significantly decreased the protein level of snail1 in EOC cells (Fig. 4D) . showed that the expression of FSCN1 and snail was higher in SKOV3 cells than in 3AO cells; All experiments were carried out in triplicate and the results were presented as means ± SE. *P<0.05, **P<0.001, t-test.
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FSCN1 physiologically associated with snail1 in ovarian cancer cells
To confirm the specific binding between FSCN1 and snail1, we performed immunoprecipitation (IP) to detect the interaction between endogenous proteins in two EOC lines, SKOV3 and 3AO. Our results showed that endogenous snail1 co-precipitated with FSCN1 in both lines (Fig. 5) . These data suggest that FSCN1 and snail1 physiologically associate in EOC cells.
FSCN1 promotes EMT through snail1 in ovarian cancer cells
We further investigated whether FSCN1 mediated the effect of snail1 on EMT. In cells co-transfected with pLenti6/V5-DEST-FASCIN and snail1 siRNA, the effect of FSCN1 induced EMT as evidenced by downregulation of E-cadherin, upregulation of vimentin (Fig. 6A,  B) , and accumulation of migration (Fig. 6C) and invasion (Fig. 6D) was largely reversed by ecto pic downexpression of snail1. Notably, snail1 had no significant influence on FSCN1 expression (Fig. 6A, B) . Taken together, our data suggested that FSCN1 induced EMT by targeting snail1 in ovarian cancer cells. 
Discussion
The high malignancy and lethality of EOC largely result from its high invasiveness and local and distal metastasis, in which EMT plays a substantial role. Emerging evidence shows that epithelial-mesenchymal transition (EMT) plays a crucial role in metastatic dissemination of EOC [20] . Characterized by the molecular events including loss of epithelial cell-specific markers such as E-cadherin and ZO-1, gain of mesenchymal cell-specific markers like vimentin and N-cadherin, and increase of a series of transcription factors that repress E-cadherin transcription [21] [22] [23] . Among all EMT-associated proteins, snail1 is a potential EMT activator, and directly inhibited E-cadherin.
FSCN1 was an actin-bundling protein functioning in cell movement under physiological or pathological conditions [10, 24] . Overexpression of FSCN1 promoted migration and invasion of cancer cells [11, 12, [14] [15] [16] [25] [26] [27] , and was associated with clinically unfavorable phenotypes in human epithelial cancers including EOC [10, 17, 27, 28] . Nevertheless, the correlation of FSCN1 with EMT was unkown. Here we provided the evidence that overexpression of FSCN1 was sufficient to confer EMT in ovarian cancer cells, and its aberrant elevation in ovarian cancer increased snail1 expression. Snail1 is recognized as a transcription factor in EMT, therefore, we did not study the regulatory role of snail1 on EMT.
In our study, our data compellingly showed that FSCN1 significantly increased in EOC, and especially in EOC with metastasis. These data provide a clinical relevance of the current study. Moreover, we further showed that FSCN1 physiologically interacted with and increased the levels of snail1 to promote ovarian cancer cell invasiveness, and the promotion of FSCN1 to EMT was mediated by snail1. Notably, FSCN1 could promoted snail expression, but snail1 had no significant influence on FSCN1 expression, so snail is the downstream factor of FSCN1.
Together with previous reports by us and by others, a comprehensive regulatory network on EMT, highlighting a pivotal role of FSCN1, has been proposed. The precise mechanism of FSCN1 in EMT process has not been clearly elucidated. In some cases, high FSCN1 expression has been correlated with low E-cadherin expression, they gain FSCN1 whilst losing E-cadherin. There was evidence that fascin1 expression was regulated by two pathways, the WNT activated TCF/LEF (T cell factor/lymphocyte enhancer-binding factor) transcriptional signaling pathway that promoted EMT and cyclic-AMP response element binding protein (CREB) and the arylhydrocarbon receptor (AhR) [29, 30] . Studys have reported that FSCN1 primarily acts as a migration factor associated with EMT in HCC cells and facilitates their invasiveness in combination with MMPs, but the relationship between these factors and EMT has yet to be determined [17] . Fouthermore, the report demonstrated FSCN1 is a downstream effector of SNAI2 in promoting EMT in HNSC cells [31] . In our study, we found that FSCN1 physiologically interacted with and increased the levels of snail1 to promote EMT in ovarian cancer cells. The result is very meaningful for establishing the functional network of FSCN1 in EMT.
Conclusion
In conclusion, we have demonstrated that FSCN1 expres sion was significantly correlated with advanced clinical stages, and we showed that FSCN1 physiologically interacted with and increased the level of snail1 to promote EMT in ovarian cancer cells. Our results indicate a mechanism of EMT in ovarian cancer. Thus, our study sheds light on FSCN1 as a promising therapeutic target for EOC.
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